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Because 4DCTs are acquired as part of routine clinical care, 
calculating ventilation from 4DCTs provides clinicians the 
ability to evaluate spatial lung function without added 
monetary or dosimetric cost to the patient. Development of 
clinical trials is underway to use 4DCT-ventilation for thoracic 
functional avoidance with the idea that preferential 
radiotherapy (RT) sparing of functional regions may decrease 
toxicity. Before 4DCT-ventilation is incorporated in a clinical 
trial; work is needed that assesses the clinical utility of 
4DCT-ventilation imaging. The purpose of this study was to 
evaluate 4DCT-ventilation as a functional imaging tool for RT.  
 
Material and Methods: The study assessed 118 stage III lung 
cancer patients. 4DCT images, spatial registration and a 
density-change based model were used to compute a 4DCT-
ventilation map for each patient. Full 4DCT-ventilation 
assessment included: 1) comparison of 4DCT-ventilation 
against nuclear medicine ventilation (VQ) imaging and 
pulmonary function tests (PFT) 2) an analysis to determine 
whether dose to highly ventilated regions of the lung was a 
better predictor for toxicity than dose alone and 3) an 
evaluation of the percentage of lung cancer patients with 
significant ventilation defects. 4DCT-ventilation was 
compared to VQ imaging and PFTs using radiologist 
observations, sensitivity and specificity analysis, and 
correlation coefficients. Bootstrap methods were used to 
evaluate whether ventilation-based dose-function metrics 
were a better predictor for grade 3 radiation pneumonitis 
than dose metrics alone. Radiologists assessed the 
percentage of patients with significant ventilation defects 
with the idea that if patients had homogenous ventilation 
there would be no basis to preferentially spare any regions; 
conversely functional avoidance can be done for patients 
with ventilation defects.  
 
Results: Comparing radiologist noted defects between 4DCT-
ventilation and VQ imaging, we calculated a sensitivity, 
specificity, and accuracy of 90%, 64%, and 81% respectively. 
Correlation coefficients comparing 4DCT-ventilation to PFTs 
ranged from 0.63-0.72. Bootstrap results suggested an 
improvement in toxicity prediction using dose-function 
metrics compared to dose alone (p=0.11). Clinical ventilation 
defects were noted in 69% of our study cohort. 
Conclusion: Our study demonstrates that 4DCT-ventilation 
provides clinically meaningful lung function information, is a 
better predictor of toxicity than dose alone, and that a 
significant portion of patients have substantial ventilation 
defects. Our work provides the largest and most 
comprehensive study to fully evaluate 4DCT-ventilation as a 
thoracic functional imaging tool and presents strong evidence 
for the incorporation of 4DCT-ventilation into prospective 
clinical trials. 
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Purpose or Objective: Medical imaging plays a crucial role in 
response evaluation due to its non-invasive character and 
wide applicability and availability. Next to the routinely used 
metrics (e.g. RECIST), extraction of a large number of 
quantitative radiomics features might unravel more 
information in these medical images. To quantify the 
reliability of these features across different phases in the 
breathing cycle, the stability of 59 radiomics features in 
respiratory-correlated 4D CT-scans of patients with 
oesophageal cancer was investigated. Since the tumour does 
not change during image acquisition, quantitative features 
derived from it should not change either. Hence, we 
hypothesised that 4D-RCCT provides a valuable means to 
identify the most reliable features. 
 
Material and Methods: Twenty-five oesophageal cancer 
patients (stage IB-IIIC) who received a 4D-RCCT scan for 
radiotherapy planning between October 2012 and March 2014 
were included in this study. The gross tumour volume (GTV) 
of the primary tumour was delineated on the 50% exhale 
(50ex) CT phase using all available diagnostic information. 
The delineations were copied to the CT images of the other 
breathing phases: 0in, 25in, 50in, 75in, 100in, 25ex and 75ex. 
Next 15 first-order statistics and 44 textural radiomics 
features were calculated for the GTV. For each feature, the 
pairwise intra-class correlation coefficient (ICC) between all 
possible phase combinations was calculated. Features with a 
pairwise ICC-value of at least 0.85 between all phase 
combinations were considered to have an acceptable stability 
throughout all phases of the breathing cycle. 
 
Results: Of the 44 textural features, 12 (27%) were not 
susceptible to breathing motion (ICC>0.85). Also 9 out of the 
15 (60%) first-order statistics features turned out to be 
stable. The statistics-energy and graylevel-nonuniformity 
(GLN) features, found to be prognostic in both head-and-neck 
and lung cancer [Aerts et al. Nat. Commun. 5 (2014)], were 
among the most stable features with minimum ICC-values of 
0.98. In general, the highest ICC-values were observed when 
two adjacent phases (e.g. 50ex-75ex) were compared. 
 
 
 
Conclusion: This study identified nineteen CT radiomics 
features that were not subject to breathing motion in 
patients with oesophageal cancer. The remaining features 
were affected by the differences in breathing phase. This 
emphasises the importance of tumour-site specific feature 
selection together with a strict imaging and delineation 
protocol before using them for further clinical applications. 
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Purpose or Objective: To use FDG-PET uptake during 
treatment course to objectively quantify esophagitis severity, 
understand esophageal dose response, and examine the 
timing of increased PET uptake and esophagitis symptoms for 
possible early detection of eventual toxicity. 
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Material and Methods: FDG-PET scans were acquired for 71 
NSCLC patients during concurrent chemoradiotherapy, at 
fraction 23 on average. PET uptake was normalized to the 
mean SUV of esophageal voxels receiving < 5 Gy, creating 
normalized PET uptake (nSUV) as a patient specific radiation 
response. Localized measures of nSUV were correlated to 
esophagitis grade during PET scan and max treatment grade, 
scored with CTCAE 4.0, using logistic regression. Performance 
was measured with AUC from ROC analysis. Voxel esophageal 
dose response curves of nSUV were created for analysis 
conducted with DVH metrics. Spearman rank analysis was 
used to determine the dose correlation to nSUV and toxicity. 
The timing of nSUV and esophagitis presentation was 
examined. Preemptive detection of toxicity was studied using 
asymptomatic patients at time of PET scan, examining these 
patients esophagitis severity by treatment end, and analyzing 
any differences in nSUV values or dose response; statistical 
difference was tested with the Mann Whitney U test. 
 
 
 
 
 
Results: Normalized PET uptake was significantly correlated 
to esophagitis grade both at the time of the PET study and 
max treatment grade, for both grade 2 and grade 3 
endpoints. Increased nSUV occurs before esophagitis 
presentation. The highest performing nSUV metrics were 
axial max nSUV, and esophageal length with nSUV ≥ 40% 
increase from baseline, with both p < 0.001 and AUC ≥ 0.83 
(Table 1). DVH metrics were poorly correlated to nSUV or 
toxicity and several patients that were grade 0 throughout 
treatment had DVH values comparable to patients who 
developed esophagitis, but had low nSUV values. Esophageal 
dose-response curves grouped according to max esophagitis 
grade showed no response in the Grade 0 cohort. Response in 
grade 2 and grade 3 groups starts at approximately 30-35 Gy 
and had considerable inter-patient variability. For max 
esophagitis severity prediction, nSUV metrics and dose-
response curves were statistically different between grade 0 
patients at time of PET scan that remained grade 0 by 
treatment completion, and those eventually becoming ≥ 
grade 2, with flat dose-response curve and increasing 
approximately 2nd order, respectively (Fig. 1c). 
 
Conclusion: Normalized uptake strongly correlates to 
esophagitis, both at time of FDG-PET scan and by the end of 
treatment. Normalized uptake gives an objective 
quantification of esophageal toxicity with geometric 
information. PET scans acquired early in treatment may 
predict esophagitis severity. 
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Purpose or Objective: The objective of this project is to 
evaluate pulmonary and renal relative function by analysing 
the iodine concentration extracted from a dual energy CT 
(DECT) scan with injection of a contrast agent. The 
evaluation of parallel organs’ functionality such as kidney 
and lung is usually derived from DMSA and perfusion 
scintigraphy. However, such techniques have spatial and 
temporal resolutions generally inferior to those of a CT scan. 
Our approach exploits DECT imaging, which allows in a single 
acquisition to combine the anatomical image to the organ 
function as determined by its iodine concentration. This 
functional cartography has a clinical potential to improve the 
planning of radiotherapy treatments considering new 
functional constraints. 
 
Material and Methods: Two cohorts of 11 and 8 patients 
(kidney and lung, respectively) received a scintigraphy and a 
DECT scan (SOMATOM Definition Flash, Siemens) with 
intravenous iodine injection. The iodine concentration is 
evaluated with the principle of the three material 
decomposition that was implemented in MATLAB 
(MathWorks). This technique quantifies in each voxel of the 
DECT scan the proportion of each material defined in a basis 
specific to a targeted site (kidney and lung for instance). The 
evaluation of the differential function is also adapted to each 
type of organ previously segmented by an expert to only 
consider the presence of iodine relevant to the function. A 
functional cartography is also generated to segment each 
organ in regions more or less functional. 
 
Results: The results show that the relative functions obtained 
by scintigraphy and DECT correlate well with a Pearson of 0.8 
for lung. The most functional regions of the lung have an 
average of 2.68 mg/mL and 0.30 mg/mL for the least 
functional, whereas for the kidney 8.95 mg/mL and 0.36 
mg/mL. In some cases, the absence of iodine in specific 
locations were easily ascribed to dysfunctional sections of the 
organ such as cancerous tumors, abnormal pulmonary lobe 
and kidney cysts. The following figure shows how (left) a 
mixed image provided by a DECT scan can be converted into 
(middle) an iodine concentration map and further processed 
into (right) a map of functional regions. 
 
